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@ SOLID CATALYST FOR OLEFIN POLYMERIZATION AND PROCESS FOR PFS PREPARATION. 

The catalyst comprises a compound of a transition metal 
of the group IV of the periodic table, aluminoxane. and fine par- 
ticles of an organic or inorganic carrier. This catalyst shows a 
significantly large polymerization activity on polymerization and 
copolymerization of olefin, and can give a polymer or copo- 
lymer having a large bulk density, a uniform particle size with 
few fine particles, and a narrow molecular weight distribution. 
Further, the copolymer has a narrow composition distribution. 
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SPECIFICATION 

SOLID CATALYST FOR OLEFIN POLYMERIZATION AND 
PROCESSES FOR ITS PRODUCTION 

TECHNOLOGICAI. FIELD 

5 This invention relates to a solid catalyst for 

polymerization of olefins ^ and processes for its production. 

More specifically, it relates to a solid catalyst for 

polymerization of olefins comprising a particulate carrier, 

a compound of a transition metal of Group IVB of the 

10 periodic table and an aluminoxane as catalyst components, 

and processes for its production • 

BACKGROUND TECHNOLOGY 

For production of an alpha-olefin polymer, 

especially an ethylene homopolymer or an ethylene/alpha- 

15 olefin copolymer, a method has heretofore been knovm to 

polymerize ethylene or copolymer i zing ethylene with an 

alpha-olefin in the presence of a titanium-containing 

catalyst comprising a titanium compound and an organo- 

alximinum compound or a vanadium-containing catalyst 

20 comprising a vanadium compound and an organoaluminxim 

compound. 

Catalyst comprising zirconitim compounds and 
aluminoxanes have recently been proposed as a new Ziegler- 
type olefin polymerization catalyst. 
25 Japanese Laid-Open Patent Publication No. 

19309/1983 describes a process for polymerizing ethylene 
and at least one C^-C^j alpha-olefin in the presence of Ja 
catalyst composed of a transition metal-containng compound 
represented by the following formula 



30 (cyclopentadienyl) jMeRHal 

in which R is cyclopentadienyl, Cj^"Cg alkyl, or 
halogen. Me is a transition metal and Hal is 
halogen, 

35 and a linear aluminoxane represented by the following 
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formula 



Al20R4(Al(R)-0)j^ 

in which R is methyl or ethyl, and n is a 
number of 4 to 20, oj: 
5 a cyclic aluninoxane represented by the following formula 



10 




Al(R)-O)^ 



in which R and n are as defined above, 
at a temperature of -50 °C to 200 ^'c. 

Japanese Laid-Open Patent Publication No. 
95292/1984 describes an invention relating ^ 
for producing a linear aluminoxane represented by the 
following formula 



R 

Al-O-(Al-O) j^-Al 

R-^ 



15 



in which n is 2 to 40, and R is Ci-Cg,and a 
cyclic aluminoxane represented by the following 
formula 



R 

-*Al-0^ 



in which n and R are as defined- 
This patent publication discloses a ^^^^'l'^ f^^ ^l.e'' 
20 which methylaluminoxane, for example, ^^^^^^ 

process of this patent publication xs mixed with a bis 
Lyclopentadienyl) compound of titanium or zirconium, and 
In Olefin is polymerized in the presence of the mixture. 
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Japanese Laid-Open Patent Publication No. 
35005/1985 discoses a process for producing an olefin 
polymerization catalyst^ which comprises reacting an 
aluminoxane represented by the following formula 



LS 



Al-0-(Al-0)„-Al 



in which R is C^^-C^lq alkyl, and R° is or is 

bonded to represent -0-. 
with a magnesium compound, chlorinating the reaction 
product, and treating the chlorinated product with a 
compound of Ti, V, Zr or Cr. This patent publication 
describes that the above catalyst is especially suitable 
for copolymer izat ion of a mixture of ethylene with a 

Cj-Cj^j alpha-olef in. 

Japanese Laid-open Patent Publication No. 
35006/1985 discloses a combination of (a) a mono-, di- or 
tri-cyclopentadienyl compound of two or more different 
transition metals or its derivative and (b) an alumoxane 
(altiminoxane) as a catalyst system for production of a 
reactor blended polymer. 

Japanese Laid-open Patent Publication No. 
35007/1985 describes a process for polymerizing ethylene 
alone or together with an alpha-olefin having at least 3 
carbon atoms is polymerized in the presence of a catalyst 
system comprising a metallocene and a cyclic aluminoxane 
represented by the following formula 



4A1 

t 

R 



-5 
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in which R is an alkyl group having 1 to 5 
carbon atoms, and n is an integer of 1 to about 
20, 

or a linear alumoxane represented by the following formula 



R-tAl-Of—AlR, 
R 

in which R and n are as defined above. 
Japanese Laid-Open Patent Publiation No. 35008/- 
1985 discloses that by using a catalyst system containing 
at least two metallocenes and an alumoxane, polyethylene 
10 or an ethylene/C3-C3^o alpha-olefin copolymer having a 
broad molecular weight distribution is produced. 

The catalysts formed from transision metal 
compounds and aluminoxanes as proposed in these prior art 
references have much higher polymerization activity than 
15 catalyst systems formed from transition metal compounds 
and organoaluminum compounds known heretofore. But these 
catalyst systems are soluble in the reaction systems, and 
the resulting polymer has a low bulk density. It is 
20 difficult to obtain polymers having excellent powder 

characteristics. 

On the other hand, the above-cited Japanese 
Laid-open Patent Publications Nos. 53006/1985, 35007/1985 
and 35008/1985 propose methods in which catalysts formed 
25 from a solid catalyst component deposited on a porous 

inorganic oxide carrier such as silica, silica-alumina or 
alumina and an aluminoxane are used. Japanese Laid-Open 
Patent Publications Nos. 31404/1986, 108610/1986 and 
30 106808/1985 propose methods in which a solid catalyst 
component deposited on a similar porous inorganic oxide 
carrier is used. In many of the methods described m 
these prior art references, the polymerization activity 
is reduced, or the the resulting polymers have insuffici- 
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ent powder characteristics such as low bulk density as a 
result of using the deposited solid components. 

DISCLOSURE OF THE INVENTION 
It is an object of this invention is to provide 
5 a catalyst for for olefin polymerization. 

Another object of this invention is to provide 
a catalyst for olefin polymerisation comprising a compound 
of a transition metal of Group IVB of the periodic table 
and an aluminoxane as catalyst components • 
10 Still another object of this invention is to 

provide a solid catalyst for olefin polymerization which 
can give an olefin polymer having a high bulk density and 
excellent powder characteristics and has high polymeriza- 
tion activity. 

15 A further object of this invention is to provide 

processes for producing the catalyst of the invention. 

Other objects of the invention along with its 
advantages will become apparent from the following descrip- 
tion. 

20 According to this invention, these objects and 

advantages of the invention are achieved by a solid 
catalyst for olefin polymerization, characterized in that' 

(A) it comprises 

(Aj^) a compound of a transition metal 
25 of Group IVB of the periodic table as 

a catalyst component, 
(Aj) an aluminoxane as a catalyst 
component, and 

(A^) a particulate organic or in- 
30 organic compound carrier, 

(B) it contains 0.5 to 500 milligram-atoms of 
the transition metal atoms and 5 to 50,000 milligram- 
atoms of aluminum atoms per 100 g of the particulate 
carrier ( A^ ) , 

35 (C) the atomic ratio of aluminum atoms (Al) to 

the transition metal atoms (M) , Al/M, is in the range of 



10 
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from 1 to 1,000, and c c 

(D) it has an average particle diameter of 5 to 

200 micrometers. oeriodlc 
The transition metal o£ Group IVB o£ the pen 

table m the catalyst component (A^l is, for 

sete!tea from titanium, zirconium and hafnium. "-^""^ 

ly itis titanium or zirconium, and zirconium is espec.al- 

1, preferred. ^^^^^^ ^^^^^^^^^^ ^^^^ 

IVB m the catalyst component (A,, may be, for example, a 
Zirconium compound having a group containing a conjugated 

/T^p^lectron as a ligand. 

^ Examples of th. .Irconlum compound havxng a 

group containing a conjugated electron as a ^-^-^ 
llil IS used preferably are compounds of the followrng 

formula (I) 

m which represents a cyaloalkadlenyl group, 
r2, r3 and represent a cycloalkadlenyl 
grU, an aryl group, an alkyl group, a cy=loal.cyl 
' group, an aralkyl group, a halogen atom, a 

hydrogen atom, OrS SR^ NR,° or Pr/ where R , 
Rb, R<= and R* represent a hydrocarbon group 
such as an alKyl, cycloalKyl, "^V' H^'^^l' 
group, or a sllyl group ^ « J^,^ J/ 

be linked to form a ring, k>l, k+Z+m ^ ' 
when r2 is a cycloalkadienyl group, R and R 
„.ay be bonded through a lower alkylene group. 
Examples of the cycloalkadienyl group are 
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10 



15 



25 



Phenyl and tolyl groups may be cited as the ^^^^P' 
and benzyl and neophile groups may be cited as the aralkyl 
group. Examples of the cycloalkyl group include cyclo- 
pentyl, cyclohexyl, cyclooctyl, norbornyl, bicyclononyl 
and alkyl-substituted derivatives of these groups. ^ 
unsaturated aliphatic groups such as a vinyl, allyl, 
propenyl, isopropenyl or l-butenyl group may also be 
cited as examples. Examples of the halogen atom are 
fluorine, bromine and chlorine. Examples of ^^^^.^^^^^ 
group are trimethylsilyl, triethylsilyl, phenyldxmethyl 
silyl and triphenylsilyl groups. 

Examples of the zirconium compound include 
bis(cyclopentadienyl)zirconium monochloride 

raonohydride, 

bis(cyclopentadienyl)zirconium monobromide 

bis(cyclopentadienyl)methylzirconxum hydrxde, 
bis(cyclopentadienyl)ethylzirconium hydride, 
bis ( cyclopentadienyl) cyclohexylzirconium 

hydride, ^^^^^y^^^p^^^^^i^„yl,phenylzirconium hydride, 
bis(cyclopentadienyl)benzylzirconium hydride, 
bis ( cyclopentadienyl) neopentylzirconium 

hydride, 

bis(methylcyclopentadienyl) zirconium mono- 
chloride roonohydride, u„^^;fl*» 
bis (indenyl) zirconium monochloride monohydride, 

bis (cyclopentadienyl) zirconium dichlor ide , 
bis(cyclopentadienyl)zirconium dibromide, 
bis(cyclopentadienyl)methylzirconium mono- 

bis(cyclopentadienyl)ethylzirconium mono- 

bis(cyclopentadienyl)cyclohexylzirconium mono- 

bis(cyclopentadienyl)phenylzirconium mono- 



30 

chloride, 
chloride, 
35 chloride. 
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Chloride, ^^^^^^^^^p^„^^^,^„yl,b,„,yl.lrooniu. mono- 

bis(iaethylcyclopentadienyl)zirconium di- 

c chloride, ^, 

bis (indenyl) zirconium dichlorxde, 

bis(indenyl) zirconium dibromide, 
bis(cyclopentadienyl)diphenyl zirconium, 
bis(cyclopentadienyl)dibenzyl zirconium, 
bis(cyclopentadienyl)methoxyzirconium chlorxde, 
■° bis(cyclopentadienyl)ethoxyzirconium chlorxde, 

bis(cyclopentadienyl)butoxyzirconium chlorxde, 
bisCcyclopentadienyl) 2-ethylhexoxyzirconxum 

bisCcyclopentadienyDmethylzirconium ethoxide, 
bis(cyclopentadienyl)methylzirconiumbutoxxde, 

bis(cyclopentadienyl)ethylzirconium ethoxxde, 
bis(cyclopentadienyl)phenylzirconium ethoxxde, 
bisCcyclopentadienyDbenzylzirconium ethoxxde, 
bis (methy icyclopentadienyl) ethoxy z irconxum 

20 

chloride, ^,-/qo 
bisindenylethoxyzirconxum chlorxde, 

bis(cyclopentadienyl)ethoxyzirconxum, 

bis(cyclopentadienyl)butoxyzirconium, 

bis(cyclopentadienyl>2-ethylhexoxyzirconxum, 

" bis(cyclopentadienyl)phenoxyzirconium mono- 

bisCcyclopentadienyDcyclohexoxyzirconium 
chloride, ^.^^^^^^^p^„,,^i,,yi>phenylmethoxyzirconium 

bisCcyclopentadienyDmethylzirconium phenyl 
"'''^'^'^"bisCcyclopentadiphenyDtrimethylsiloxyzirconium 
33 chlorxde, ^. ^^^^^^^^^^,,,,,,,,,,riphenylsiloxyzirconiu. 
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chloride, 

bis (cyclopentadienyl ) thiophenyl zirconium 

chloride, 

bis (cyclopentadienyl ) neoethylzirconium 

5 chloride, 

bis ( cyclopentadienyl ) bi s ( dimethylamide ) - 

zirconium, 

bis (cyclopentadienyl )diethylamidezirconium 

chloride, 

10 ethylenebis(indenyl)ethoxyzirconiuin chloride, 

ethylenebi s ( 4 , 5 , 6 , 7-tetrahydro-l-indenyl) - 
ethoxy zirconium chloride, 

ethylenebis ( indenyl )dimethylzirconium, 
ethylenebis ( indenyl )diethylzirconium, 

15 ethylenebis( indenyDdiphenylzirconium, 

ethylenebis (indenyl )dibenzylzirconium, 
ethylenebis ( indenyl )methylzirconium mono-^ 

bromide, 

ethylenebis ( indenyl )ethylzirconium mono- 

20 chloride, 

ethylenebis ( indenyl )benzylzirconitim mono- 
chloride, 

ethylenebis ( indenyDmethylzirconium mono- 
chloride, 

25 ethylenebis ( indenyl) zirconium dichloride, 

ethylenebis ( indenyl) zirconium dibromide, 
ethylenebis ( 4,5,6, 7-tetrahydro-l-indenyl ) - 
dimethyl zirconium, 

ethylenebis ( 4,5,6, 7-tetrahydro-l-indenyl ) - 
30 methylzirconium monochlor ide , 

ethylenebis ( 4,5,6, 7-tetrahydro-l-indenyl ) - 
zirconium dichloride, 

ethylenebis ( 4,5,6 , 7-tetrahydro-l-indenyl ) - 
zirconium dibromide, 
35 ethylenebi s( 4-methyl-l- indenyl) zirconium 
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dichloride, , 

ethylenebis ( 5-methy 1-1-indenyl ) z irconium di- 
chloride, . 

ethylenebis(6-inethyl-l-indenyl)zirconium di- 

c chloride, . 

ethylenebis(7-methyl-l-indenyl) zirconium di- 
chloride, " . 

ethylenebi s ( S-methoxy-l-indeny 1 ) z irconium 

dichloride, 

ethylenebis ( 2 , 3-dimethyl-l-indenyl) zirconium 
dichloride, 

ethylenebis ( 4 , 7-dimethy 1-1-indenyl ) zirconium 

dichloride, . . 

ethylenebis C 4 ,7-dimethoxy-l-indenyl) zirconium 

ic dichloride, 

ethylenebisdndenyDzirconium dimethoxide, 

ethylenebis ( indenyl) zirconium diethoxide, 
ethylenebis (indenyl)methoxyzirconium chloride, 
ethylenebis(indenyl)ethoxyzirconium chloride, 
ethylenebis(indenyl)methylzirconium ethoxide, 
ethylenebis ( 4 , 5 ,6 ,7-tetrahydro-l-indenyl)- 
zirconium dimethoxide, 

ethylenebi s ( 4 , 5 , 6 , 7-tetrahydro-l- indenyl ) - 

zirconium diethoxide, 
25 ethylenebis ( 4 , 5 ,6 ,7-tetrahydro-l-indenyl)- 

methoxy zirconium chloride, 

ethylenebis(4,5,6,7-tetrahydro-l-indenyl)- 

ethoxyzirconium chloride, and 

ethylenebis ( 4,5,6 , 7-tetrahydro-l-indenyl) - 

on methylzirconium ethoxide. . , ^ 

Examples of the titanium compound include 
bis(cyclopentadienyl)titanium monochloride 

monohydride, 

bis(cyclopentadienyl)methyltitanium hydride, 

bis(cyclopentadienyl)phenyltitanium chloride. 



20 



35 
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bis(cyclopentadienyl)benzyltianium chloride, 
bis(cyclopentadienyl) titanium chloride, 
bis(cyclopentadienyl) tibenzyl titanium, 
bis{cyclopentadienyl)ethoxytitanium chloride, 
bis ( cyclopentadienyl) butoxytitanium chloride, 
bis ( cyclopentadienyl ) methyltitanium ethoxide , 
bis ( cyclopentadienyl) phenoxy titanium chloride , 
bis (cyclopentadienyl )trimethylsiloxytitanium 

chloride, 

bis ( cyclopentadienyl ) thiophenyltitanium 

chloride, 

bis ( cyclopentadienyl ) bis ( dimethylamide ) - 

titanium, 

bis ( cyclopentadienyl ) ethoxyti tanium, 
ethylenebis(indenyl) titanium dichloride, and 
ethylenebis < 4,5,6, 7-tetrahydro-l-indenyl ) - 

titanium dichloride. 

The following compounds may be cited as examples 

of the hafnium compound. 

bis (Cyclopentadienyl) hafnium monochloride 

monohydr ide , 

bis( cyclopentadienyl )ethylhafnium hydride, 

bis ( cyclopentadienyl ) phenylhaf nium chloride , 
bis (cyclopentadienyl) hafnium dichloride, 
bis ( cyclopentadienyl ) benzyl hafnium, 
bis (cyclopentadienyl) ethoxyhaf nium chloride, 
bis ( cyclopentadienyl )butoxyhaf nium chloride, 
bis (cyclopentadienyl )methylhaf nium ethoxide, 
bis(cyclopentadienyl)phenoxyhafnium chloride, 
bis (cyclopentadienyl) thiophenylhaf nium 

chloride, 

bis (cyclopentadienyl ) bis (diethylamide ) hafnium, 
ethylenebis ( indenyl) hafnium dichloride, and 
ethylenebis (4,5,6, 7-tetrahydro-l-indenyl ) - 

hafnium chloride. 

The catalyst component iA^) is an aluminoxane. 
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Examples of the aluminoxane used as the cataly- 
st component iA^) are organoaluminum compounds of the 
following formulae (II) and (III). 



R2Al'tO-Al4^.-AlR2 ^^^^ 
R 



0-A14 



m+2 



... (Ill) 



15 



in the aluminoxanes above, R is a hydrocarbon 
group such as a methyl/ ethyl, n-propyl, isopropyl, 
n-butyl or isobutyl group, preferably a methyl, ethyl or 
isobutyl group. The methyl group is especially preferred, 
m is an integer of at least 2, preferably at least 5. 

The aluminoxane may be produced, for example, 

by the following method. 

(1) A trialkyl aluminum is added to a suspension 
in a hydrocarbon medium of a compound containing water of 
adsorption or a salt containing water of crystallization, 
such as magnesium chloride hydrate, copper sulfate hyd- 
rate, aluminum sulfate hydrate, nickel sulfate hydrate 
and cerous chloride hydrate, and reacted with the above 
compound. 

(2) A trialkyl aluminum is directly reacted 
with water in a medium such as benzene, toluene, ethyl 
ether or tetrahydrof uran . 

Of these methods, method (1) is preferably 
employed. The aluminoxane may contain a small amount of 
25 an organometallic component. 

The particulate carrier (A3) may be organic or 

inorganic. 



20 
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Examples of the organic compound carrier 
include polyolefins such as polyethylene, polypropylene, 
poly-l-butene and poly-methyl-l-pentene, polyolefins 
obtained by copolymerizing the monomers used as starting 
materials for these compounds, polyesters, polyamides, 
polyvinyl chloride, polymethyl methacrylate, polymethyl 
acrylate, polystyrene, natural polymers, and various 
monomer ic compounds. 

The molecular weights of these carriers may be 
any at which the compounds can exist as solid substances. 
For example, polyethylenes having a weight average mole- 
cular weight of about 1,000 to 10,000,000 may be used. 

In the present invention, the organic compounds 
used as the carrier not only act as a catalyst support 
but also may sometimes affect the properties of the 
resulting polymer. For example, by using polyethylene 
having a weight average molecular weight of about 
2,000,000, an increase in the melt tension of the result- 
ing polyethylene can be expected. On the other hand, by 
using polyethylene having a weight average molecular 
weight of about 50,000 as a carrier, an increase in the 
transparency of the resulting ethylene copolymer film can 
be expected. 

Porous oxides are preferred as the inorganic 
compound carrier. Specific examples include SiOj, AljO^r 
MgO, ZrOjr Ti02# ^2^3^ CaO, ZnO, BaO, and ThOjr and 
mixtures of these, such as Si02-MgO, Si02"Al202, 

Si02-Ti02f ^^^2''^2^5^ ^^^2~^^2^3 Si02-Ti02-MgO. 
Carriers containing at least one component selected from 
the group consisting of Si02 and AI2O2 as a main 
component are preferred. 

The inorganic oxides may contain small amounts 
of carbonates, nitrates, sulfates and oxides such as 
^^2^^3' ^2^^3' CaC03, MgCOg, Na2S04, AI2 (804)3, ^^^^4^ 
KNO3, Mg(N03)2/ Al(N03)3, Na20, K2O and Li20. 

The porous inorganic carriers differ in pro- 
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perties depending upon their types and the method of 
production. Carriers preferably used in this invention 
have a specific surface area of 50 to 1000 m /g, pre- 
ferably 100 to 700 m^/g, and a pore volume of 0.3 to 2.5 
cm^/g. These carriers are obtained by calcination usual- 
ly at 150 to 1000 °C, preferably 200 to 800 °C. 

The carriers preferably used in this invention 
vary in characteristics depending upon their types and 
the method of production, and have a particle diameter of 
5 to 200 micrometers, preferably 10 to 150 micrometers, 
preferably 20 to 100 micrometers. 

The solid catalyst for olefin polymerization in 
accordance with this invention is characterized in that 
it is formed from the particulate organic or inorganic 
compound carrier, the compound of a transition metal of 
Group IVB of the periodic table and the aluminoxane 
described above; it contains 0.5 to 500 milligram-atoms, 
as the transition metal atoms, of the transition metal 
compound and 5 to 50,000 milligram-atoms, as the aluminum 
atoms, of the aluminoxane; the atomic ratio of the alu- 
minum (A) to the transition metal (M) , Al/M, is in the 
range of from 1 to 1,000; and that it has an average 
particle diameter of 5 to 200 micrometers. 

The solid catalyst of this invention for olefin 
, polymerization usually contains 0.5 to 500 milligram- 
atoms, preferably 1 to 200 milligram-atoms, more prefer- 
ably 3 to 50 milligram-atoms, as the transition metal 
atoms, of the transition metal compound per 100 g of the 
particulate orgnic or inorganic compound carrier from the 
0 standpoint of activity per unit weight of the catalyst . 
and- per unit weight of the transition metal compound. 

The solid catalyst of this invention for olefin 
polymerization usually contains 5 to 50,000 milligram- 
atoms, preferably 50 to 10,000 milligram-atoms, more 
c preferably 100 to 4,000 milligram-atoms, as aluminum 
atoms, of the aluminoxane per 100 g of the particulate 
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carrier from the standpoint of polymerization activity 
and economoy • 

In the solid catalyst of this invention for 
olefin polymerization, the atomic ratio of aluminum to 
5 the transition metal (Al/M) is usually from 1 to 1,000, 
preferably from 6 to 600, more preferably from 15 to 300, 
from the standpoint of polymerization activity per unit 
weight of the catalyst and per unit weight of Al atoms. 

The average particle diameter of the solid 

10 catalyst of this invention for olefin polymerization is 
usually within the range of 5 to 200 micrometers, pre- 
ferably 10 to 150 micrometers, more preferably 20 to 100 
micrometers. If the average particle diameter of the 
solid catalyst is within the above range, the polymers 

15 obtained by polymerization such as vapor-phase polymeri- 
zation or slurry polymerization using the solid catalyst 
contain only a small amount of fine powdery polymer 
particles formed, and have a high bulk density and an 
excellent powder shape. Furthermore, coarse polymer 

20 particles are not formed in the resulting polymers, and 
troubles such as clogging of a polymer particle discharge 
opening do not occur. 

The solid catalyst of the invention for olefin 
polymerization may be produced by a process for forming a 

25 catalyst for olefin polymerization from an aluminoxane, a 
compound of a transition metal of Group IVB of the periodic 
table and a particulate organic or inorganic compound 
carrier, which comprises at least a step of contacting a 
solution of the aluminoxane and a solvent in which the 

30 aluminoxane is insoluble or sparingly soluble in the 

presence of the particulare carrier to deposit the alumino- 
xane on the particulate carrier. 

More specifically, the following processes may 

be shown. 

35 Firstly, the solid catalyst of this invention 

for olefin polymerization can be produced by 
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(1) contacting a 6Us!«nsion o£ the particulate 
organic or inorganic co-pound carrier \. 
solution of the alunlnoxane with a solvent in which the 
alurinoxane Is InsoluMe or sparingly soluble to «or,n an 

. aluminoxane-supotted particulate carrier, and 

,2) contacting the alunlnoxane-supported parti 

culate carrier with a solution of the expound of a 
transition metal o£ Group IVB of the periodic table 

The solvent for the alumlnoxane may be. for 
.0 example, an aromatic hydrocarbon such as benzene, toluene, 
ethylbenzene, propylbenzene, butylbenzene, xylene and 

chlorobenzene. , , • ^ 

Examples of the solvent In which the alumino- 
xane is insoluble or sparingly soluble are linear or 
branched aliphatic hydrocarbons such as P*"-;-;^™ 
decane, dodecane, kerosene and cyclohexane f 
hydrocarbons such as cyclohexane, norbornene and ethylcyclo 

hexanone. ^^^^^^^^^^^ ^^^ „hlch the alumlnoxane 

is insoluble or sparingly soluble preferably has a higher 
boiling point than the solvent used to obtain the alumin- 

oxane solution. 

Examples of the solvent for the group IVB 
transition metal compound include aromatic "yarocarbons 
such as benzene, toluene, ethylbenzene, propylbenzene, 
butylbenzene and xylene and halogen-containing hydro- 
carbons such as chlorobenzene and dichloroethane. 

An aliphatic or allcycllc hydrocarbon such as 
pentane, hexane, decane, dodecanea. Kerosene or ^^^^ 
Lxane may be cited as examples of a solvent in which 
Group IVB transition metal compound is insoluble or 

Sparingly soluble. 

The above process can be carried out, for 
example, by adding the solvent in which the aluminoxane 
is insoluble or sparingly soluble to a suspension co- 
posed of a solution of the aluminoxane and the partxcu 



20 



30 



35 
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late inorganic compound carrier or adding a suspension of 
the aluminoxane solution and the carrier to the solvent 
in which the aluminoxane is insoluble or sparingly solu- 
ble to precipitate the aluminoxane, optionally evaporat- 
5 ing the solvent used to form the aluminoxane solution 

from the mixed suspension to promote precipitation of the 
aluminoxane and obtain an aluminoxane-deposited particu- 
late carrier, and then contacting a suspension composed 
of the aluminoxane-deposited carrier and the solvent in 

10 which the aluminoxane is insoluble or sparingly soluble 
with a solution of the Group IVB transition metal com- 
pound to deposit the transition metal compound as a 
catalyst component further on the aluminoxane-deposited 
carrier and thus prepare a solid catalyst for olefin 

15 polymerization. 

In the step of contacting the solvent in which 
the aluminoxane is insoluble or sparingly soluble with 
the suspension composed of the aluminoxane solution and 
the particulate carrier, the solvent in which the alumin- 

20 oxane is insoluble sparingly soluble is used in an amount 
of usually 10 to 10,000 parts by weight, preferably 100 
to 1,000 parts by weight, per 100 parts by weight of the 
aluminoxane solution. The temperature at the time of 
contacting is usually -100 to 300 ^C, preferably -50 to 

25 100 more preferably -30 to 50 ^C. The contacting is 

carried out usually with stirring. 

The aluminoxane solution is formed from at 
least the aluminoxane and the solvent used to dissolve 
it. The aluminoxane solution may be obtained by, for 

30 example, simply mixing the two compounds, or by mixing 

them with heating. The amount of the solvent in the - 
aluminoxane solution is, for example, 0.1 to 50 liters, 
preferably 0.2 to 10 liters, more preferably 0.3 to 2 
liters, per gram of the altaminuih in the aluminoxane. 

35 The amount of the particulate carrier in the 

suspension obtained by dispersing it in the aluminoxane 
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solution is, for example, 1 to 500 g, preferably 10 to 
200 g, more preferably 20 to 100 g, per liter of the 
aluminoxane solution. 

The amount of the transition metal compound 
used is 0.0005 to 1 gram-atom, preferably 0.001 to 0.1 
gram-atom, more preferably 0.002 to 0.04 gram-atom, per 
gram of the aluminum in the aluminoxane suspension during 
contacting. 

The temperature of contacting is usually -50 to 
200 °C, preferably -20 to 100 °C, more preferably -10 to 
50 °C. The contacting is usually carried out with stir- 
ring. 

The solution of the transition metal compound 
is formed from the transition metal compound and the 
solvent used to dissolve the transition metal compound. 
The transition metal compound solution may be obtained, 
for example, by simply mixing the two compounds, or by 
mixing them with heating. The amount of the solvent in 
the transition metal compound solution is, for example, 1 
to 500 liters, preferably 2 to 200 liters, more prefer- 
ably 3 to 100 liters, per gram-atom of the transition 

metal compound. 

Secondly, the catalyst of this invention for 

olefin polymerization can be produced by 

(1) dispersing the particulate organic or 
inorganic compound carrier in a solution of the alumin- 
oxane and the Group IVB transition metal compound to 
prepare a suspension, and 

(2) contacting the suspension with a solvent in 
which the aluminoxane is insoluble or sparingly soluble. 

This process can be carried out, for example, 
by adding the solvent in which aluminoxane is insoluble 
or sparingly soluble to the suspension containing the 
aluminoxane, the Group IVB transition metal compound and 
the particulate carrier, or adding the suspension contain 
ing the aluminoxane, the Group IVB. transition metal 
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compound and the particulate carrier to the solvent in 
which the aluminoxane is insoluble or sparingly soluble, 
thereby to precipitate the aluminoxane and the transition 
metal compound, optionally evaporating the solvent used 
5 to dissolve the aluminoxane from the mixed solution to 
promote precipitation of the aluminoxane and/or the 
transition metal compound^ whereby a solid catalyst for 
olefin polymerization composed of the transition metal 
compound and the aluminoxane deposited on the particulate 

10 carrier is formed. 

In the step of contacting the suspension of the 
aluminoxane, the Group IVB transition metal compound and 
the particulate carrier with the solvent in which the 
aluminoxane is insoluble or sparingly soluble^ the solvent 

15 in which the aluminoxane is insoluble or sparingly soluble 
is used in an amount of usually 10 to 10,000 parts by 
weight, preferably 10 to 1,000 parts by weight, per 100 
parts by weight of the solution of the aluminoxane and 
the Group IBV transit on metal compound. The contacting 

20 temperature is usually -100 to 300 ^C, preferably -50 to 
100 ^C, more preferably -30 to 50 The contacting is 

carried out usually with stirring. 

The solution of the aluminoxane and the transi- 
tion metal compound is prepared from at least the alumin- 

25 oxane, the transition metal compound and the solvent used 
to dissolve the aluminoxane. The solution may be obtained, 
for example, by simply mixing the two compounds, or 
heating them with heating. The amount of the solvent in 
the solution is, for example, 0.1 to 50 liters, prefer- 

30 ably 0.2 to 10 liters, more preferably 0.3 to 2 liters, 
per gram-atom of the aluminum in the aluminoxane. 

The amount of the transition metal compound in 
the solution is 0.0005 to 1 gram-atom, preferably 0.001 
to 0.1 gram atom, more preferably 0.002 to 0.4 gram-atom, 

35 per gram of aluminum in the aluminoxane. 

The amount of the carrier in the suspension of 
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the particulate inorganic compound carrier in the solu- 
tion of the aluiainoxane and the transition roetal compound 
is, for example, 1 to 500 g, preferably 10 to 200 g, more 
preferably 20 to 100 g, per liter of the solution. 

The temperature at the time of contacting is 
usually -100 to 300 preferably -50 to 100 °C, more 

preferably -30 to 50 °C. The contacting is carried out 

usually with stirring. 

Thirdly, the solid catalyst of the invention 
for olefin polymerization can be produced by 

(1) contacting a suspension of the particulate 
organic or inorganic compound carrier dispersed in a 
solvent in which the aluminoxane is insoluble or sparing- 
ly soluble with a solution of the aluminoxane to form an 
aluminoxane-supported particulate carrier, and 

(2) contacting the aluminoxane-supported par tx- 

culate carrier with a solution of the Group IVB transi- 

tion metal compound. 

This process can be carried out by adding the 
solution of the aluminoxane to the suspension of the 
particulate carrier in the solvent in which the alumin- 
oxane is insoluble or sparingly soluble or adding the 
suspension of the particulate carrier and the solvent xn 
which the aluminoxane is insoluble or sparingly soluble 
to the solution of the aluminoxane, to thereby precipi- 
tate the aluminoxane, optionally evaporating the solvent 
used to dissolve the aluminoxane from the mixed suspen- 
sion to promote precipitation of the aluminoxane and/or 
the transition metal compound, to obtain an aluminoxane- 
deposited particulate organic or inorganc compound 
carrier, and then contacting a suspension composed of the 
aluminoxane-deposited carrier and the solvent in which 
the aluminoxane is insoluble or sparingly soluble with a 
solution of the Group IVB transition metal compound, 
5 whereby the transition metal compound as a catalyst 
component is deposited on the aluminoxane-deposited 
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carrier and to prepare a solid catalyst for olefin poly- 
merization. 

In the suspension composed of the particulate 
carrier and the solvent in which the aluminoxane is 
5 insoluble or sparingly soluble, the eunount of the carrier 
is usually 1 to 500 g, preferably 10 to 200 g, more 
preferably 20 to 100 g, per liter of the solvent* The 
contacting of the suspension and the aluminoxane solution 
is carried out usually at -100 to 300 ^C, preferably -50 

IQ to 100 ^C, more preferably -30 to 50 ^C. The contacting 
is carried out usually with stirring* The amount of the 
aluminoxane solution at the time of contacting is usually 
1 to 1000 parts by weight, preferably 10 to 100 parts by 
weight, per 100 parts by weight of the suspension* 

15 The aluminoxane solution used in contacting is 

formed at least from the aluminoxane and the solvent- used 
to dissolve the aluminoxane* The solution may be obtain- 
ed, for example, by simply mixing the two compounds or by 
mixing them with heating* The amount of the solvent in 

20 the solution is, for example, 0*1 to 50 liters, prefer- 
ably 0*2 to 10 liters, more preferably 0*3 to 2 liters, 
per gram atom of the aluminum in the aluminoxane* 

In contacting the aluminoxane-supported particu- 
late carrier with the solution of the Group IVB transi- 

25 tion metal compound, the transition metal compound is 

used in an amount of 0*005 to 1 g-atom, preferably 0*001 
to 0.1 g-atom, more preferably 0*002 to 0*04 g-atom, per 
g-atom of aluminum in the supported carrier* 

The contacting temperature is usually -50 to 

30 200°C, preferably -20 to lOO^C, more preferably -10 to 
50^C* The contacting is usually carried out with stir- 
ring. 

The solution of the transition metal compound is 
formed at least from the transition metal compound and 
35 the solvent used to dissolve it* The solution may be 

obtained, for example, by simply mixing the two compounds 
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or mixing them with heating. The amount of the solvent 
in the solution of the transition metal compound is, for 
example, 1 to 500 liters, preferably 2 to 200 liters, 
preferably 3 to 100 liters, per gram-atom of the transi- 
tion metal compound. 

Fourthly, the solid catalyst of the invention 
for olefin polymerization can be produced by 

(1) preparing a suspension of the particulate 
organic or inorganic compound carrier in a solvent in 
which the aluminoxane is insoluble or sparingly soluble 
and a solution of the aluminoxane and the Group IVB 
transition metal compound, and 

(2) contacting the suspension and the solution. 
This process can be carried out, for example, 

by adding the solution of the aluminoxane and the Group 
IVB transition metal compound to the suspension of the 
particulate carrier in the solvent in which the alumin- 
oxane is insoluble or sparingly soluble or adding the 
suspension of the particulate carrier and the solvent in 
which the aluminoxane is insoluble or sparingly soluble 
to the aluminoxane solution to precipitate the alumin- 
oxane and the transition metal compound, optionally 
evaporating the solvent used to dissolve the aluminoxane 
and the transition metal compound from the mixed suspen- 
sion to promote precipitation of the aluminoxane and/or 
the transition metal compound whereby a solid catalyst 
for olefin polymerization composed of the transition 
metal compound and the aluminoxane deposited on the 
particulate carrier is prepared. 

In the suspension formed from the particulate 
carrier and the solvent in which the aluminoxane is 
insoluble or sparingly soluble, the amount of the carrier 
is usually 1 to 500 g, preferably 10 to 200 g, more 
preferably 20 to 100 g, per liter of the solvent. The 
contacting of the suspension with the solution of the 
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aluminoxane and the Group IVB transition metal compound 
is carried out usually at a temperature of -100 to 300 
^C, preferably -50 to 100 *^C^ more preferably -30 to 50 
^C. The contacting is usually carried out with stirring. 
5 The amount of the solution of the aluminoxane and the 
transition metal compound at the time of contacting is 
usually 1 to 1,000 parts by weight, preferably 10 to 100 
parts by weight, per 100 parts by weight of the suspen- 
sion. 

10 The solution of the aluminoxane and the transi- 

tion metal compounds used in the contacting is formed 
from at least the aluminoxane, the transition metal 
compound and the solvent used to dissolve the alumin- 
oxane. The solution may be obtained, for example, by 

15 simply mixing the two compounds, or by mixing them with 
heating. The amount of the solvent in the solution is, 
for example, 0.1 to 50 liters, preferably 0.2 to 10 
liters, more preferably 0.3 to 2 liters, per greun of the 
alximinum in the aluminoxane. 

20 The amount of the transition metal compound in 

the solution is 0.0005 to 1 gram-atom, preferably 0.001 
to 0.1 gram-atom, more preferably 0.002 to 0.04 gram- 
atom, per gram-atom of the aluminum. 

The contacting is usually carried out at a 

25 temperature of -50 to 200 ^C, preferably -20 to 100 ^C, 
more preferably -10 to 50 ^C. The contacting is carried 
out usually with stirring. 

The catalyst of this invention is effective for 
production of olefin polymers, particularly an ethylene 

30 polymer or a copolymer of ethylene with an alpha-olef in. 
Examples of olefins that can be polymerized by using the 
catalyst of this invention include alpha-olef ins having 2 
to 20 carbon atoms such as ethylene, propylene, 1-butene, 
1-hexene, 4-methyl-l-pentene, 1-octene, 1-decene, 1- 

35 dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 
1-eicocene. The catalyst is especially suitable for 
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polymerization o£ ethylene or copolyH,erlzatlon of 
ethnene with an alpha-ole.in having 3 to 10 carbon 

in a polymerization process using the catalyst 
5 of this invention, olefins are usually polymerized in the 
vapor phase or in slurry, m the slurry polymerxzatxon, 
an inert hydrocarbon may be used as a solvent, or the 
olefin itself may serve as a solvent. 

Examples of the hydrocarbon medrum include 
10 aliphatic hydrocarbons such as butane, isobutane, pen- 
tanl hexane, octane, decane, dodecane, -e-decene and 
octadecane, alicyclic hydrocarbons such as cyclopentane , 
methylcyclcpentane, cyclohexane and =Vclcoctane, and 
petroleum fractions such as kerosene and light oil . 

in carrying out the slurry polymerization 
" method using the catalyst of this t""^""""' 

zation temperatures of -50 to 120 °C, preferably 0 to 

°C, are usually employed. ^^4-a_ 
The vapor-phase polymerization usxng the cata 
20 ivst of this invention is carried out normally at poly- 
20 lyst oi vui • „ t„ ion °c oreferably 20 to 

merization temperatures of 0 to 120 c, prete 

"° in using the catalyst of this invention in the 

slurry polymerization method or the 
35 meriition method, the proportion of the 

, in^ to 10 gram-atom/ liter, 

comoound is, for example, 10 to y 
;rferably lo" to lO"* gram-atom/liter, as the concen- 
trllion of the transition metal atom in the polymeriza- 

tion reaction system. ^lumin- 
in the above polymerization reactxon, an alumxn 

oxane or an organoaluminum compound represented by the 
general formula 



^p4^^^3-p-q 
in which represents a hydrocarbon group 
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having 1 to 10 carbon atoms , preferably an 
alkyl group having 1 to 6 carbon atoms, an 
alkenyl group, a cycloalkyl group or an aryl 
group, r'^ represents an alkoxy group having 1 
to 6 carbon atoms or an aryloxy group, X is a 
halogen atom, and-3^p>0, and 22qi0, 
may be used* The addition of an organoaluminum compound 
having a branched group such as triisobutyl aluminum or 
isoprenyl aluminum is particularly effective for increas- 
ing polymerization activity. 

The polymerization is ca:rried out usually under 

2 

normal atmospheric pressure to 100 kg/cm , preferably 2 
to 50 kg/cm^, batchwise, serai-continuously or continu- 
ously. It is possible to carry out the polymerization in 
two or more stages having different reaction conditions • 

Preferably, in the process of this invention, 
the olefin is preliminarily polymerized in the presence 
of the solid catalyst prior to the main polymerization of 
the olefin. The preliminary polymerization is carried 
out, for example, by polymerizing 1 to 1000 g, preferably 
5 to 500 g, more preferably 10 to 200 g, of the alpha- 
olefin per gram-atom of the Group IVB transition metal 
compound (A^^) in the solid catalyst. Examples of the 
olefin used in the preliminary polymerization include 
ethylene and alpha-olef ins having 3 to 20 carbon atoms 
such as propylene, 1-butene, 4-methyl-l-pentene, 1- 
hexene, 1-octene, 1-decene, 1-dodecene and 1-tetradecene. 
Ethylene or both ethylene and a small amount of the 
alpha-olef in, are preferred. 

The preliminary polymerization temperature is 
-20 to 70 ^C, preferably -10 to 60 ^C, more preferably 0 
to 50 ^C. 

The above prelimianry polymerization may be 
carried out batchwise or continuously under atmospheric 
pressure or elevated pressures. The preliminary poly- 
merization may be carried out in the presence of a mole- 



00295312 

- 26 - 

cuXar weight co.trolXing agent such - "yarogen The 

amount o£ the molecular weight controllxng 

ever, should preferably be limited to an amount in which 

lUst a prepolymer having an in"^-^<=; "/^^^ ' 

A. i-jc: r>f at least 0.2 aL/gr 

■ measured In decalln at 135 C, ot at i.ea 

' preferably 0.5 to 20 dl/g, can be produced. 

The preliminary pilymerlzatlon Is carried out 

m the absence of a solvent or In an i""^''^^"/"^^^^ 
medium. In view of ! hyd L tlbL 

„ out the P""»--"^/f^nrert yLocarbon medlul used In 
re'::;iirr ^t'l^ltL ^ the same as those 
re^llf ied abL: afthe solvent In which the alumlnoxane 
is insoluble ro sparingly soluble. 

The concentration of the solid catalyst in the 
preliminary polymerization reaction system in the prelimi- 
nary polymerization is, --^if " " ' f,^ „ 
atol/liter, preferably lO"* to 10 

the concentration of the transition metal atom in the 

20 solid catalyst. 

BynHiesis »Himlnoxane 

R 400 ml glass flasK equipped with - -<^""^ 
and thoroughly purged with nitrogen was "^^^^ 'Jj 
Al (SO ) 14H,0 and 125 ml of toluene. The flask was 
3, l"! to*0^°C, Ld then 125 ml of toluene containing SO 

ml Of ^r^^-^- r/o tnrrh^riTnd- 

The mixture was then heated to lu aa 
the reaction was continued at this temperature for 48 
houlrs. After the reaction, the reaction mixture was 
„ suMected to solld-llQUid separation by filtration, 
"ling substances were removed from «e separated 
liguid by using an evaporator. Toluene was added to the 
remaning solid and the desired aluminoxane was recovered 

" ' '°'~:^r weight of the aluminoxane, deter- 

. /i.anr«»ssion in benzene, was 

mined from freezing point depression 
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1879, and therefore its degree of polymerization was 15 

EXAMPLE 1 
Preparation of a solid catalyst 
A 3 00 ml pressure-reducible reactor equipped 
5 with a stirrer was charged with 67 ml of a toluene solu- 
tion containing the methylalumioxane synthesized as above 
in an amount corresponding to 100 millimoles of Al atomks 
and 2 g of silica (Davison Co., #952) obtained by calci- 
nation at 500 for 12 hours, and at room temperature, 

10 100 ml. of purified n-decane was added over about 0.5 

hour with stirring to precipitate the methylaluminoxane. 
Then, while the inside of the reactor was reduced in 
pressure to 4 torr by using a vacuum pximp, the inside of 
the reactor was heated to 35 over about 3 hours to 

15 remove toluene from the reactor and further precipitate 
the methylaluminoxane. The reaction mixture was filtered 
through a filter to remove the liquid portion. The solid 
portion was then suspended in n-decane, and 5 ml of a 
toluene solution containing 0.2 millimole of bis(cyclopenta- 

20 dienyl) zirconium dichloride was added. After mixing at 
room temperature for about 1 hour, the liquid portion was 
removed by using a filter to prepare a solid catalyst for 
olefin polymerization. 

The amount of Zr contained in the solid catalyst 

25 was 7 millimoles per 100 g of silica used as a carrier, 
and the amount of Al contained in the solid catalyst was 
2.4 moles per 100 g of silica used as a carrier. The 
catalyst had an average particle dieuneter, determined by 
microscopiec observation, of about 40 micrometers. 

30 Preliminary polymerization 

A 4 00 ml reactor equipped with a stirrer was 
charged with 100 ml of purified n-decane and 0.1 milli- 
mole, as Zr, of the solid catalyst under a nitrogen 
atmosphere. Then, ethylene was fed into the reactor at a 

35 rate of 4 Nl/hour for one hour, and during this time, the 
temperature was maintained at 20 ^C. After the feeding 
inside of the ractor was purged with nitrogen and then 
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of ethylene, the washed once with purified hexane. The 
catalyst was stored as a hexane suspension in a catalyst 
bottle. 

Polymerization 

Sodium chloride (250 g) as a dispersant was 
added to a 2-liter autoclave thoroughly purged with 
nitrogen, and while the autoclave was heated to 90 °C, it 
was subjected to pressure-reduction treatment by a vacuum 
pump for 2 hours so that the pressure of the inside of 
the autoclave reached 50 mmHg or below. The temperature 
of the autoclave was then lowered to 75 °C. The inside 
of the autoclave was purged with ethylene, and 0.007 
millimoles, as zirconium atoms, of the solid catalyst 
component subjected to the preliminary polymerization was 
added. The autoclave was sealed up, and 50 Nml of hydro- 
gen was added. The autoclave was pressurized with ^ 
ethylene so that its inside pressure reached 8 kg/cm -G. 
The stirring speed was increased to 300 rpm, and the 
polymerization was carried out at 80 °C for 1 hour. 

After the polymerization, all the polymer and 
sodium chloride in the autoclave were taken out, and put 
in about 1 liter of water. By stirring for about 5 
minutes, substantially all sodium chloride dissolved in 
water, and only the polymer came afloat on the water 
surface. The floating polymer was recovered, washed^ 
thoroughly with methanol, and dried overnight at 80 °C 
under reduced pressure. The amount of the polymer yielded 
was 120.8 g. It had an MFR of 2.6 dg/min. and an 
apparent bulk density of 0.46 g/ml. The amount of fine 
polymer particles having a size of less than 105 micro- 
meters was 0.1 % by weight based on the entire polymer 
product, dnd coarse polymer particles having a size of 
more than 120 micrometers were not observed. The Mw/Mn 
of the polymer measured by GPC was 2.6. 

EXAMPLE 2 
PT-f.r>a ration of a solid catalyst 
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A 300 ml pressure-reducible reactor equipped 
with a stirrer was charged with 67 ml of a toluene solu- 
tion containing the methylaluminoxane in an amount corres- 
ponding to 100 millimoles of Al atoms , 5 ml of a toluene 
5 solution of 0.2 millimole of bis( cyclopentadienyl) - 

zirconium dichloride and 2 g of silica (Fuji-Davison Co., 
#952) obtained by calcination as in Example 2, and at 
room temperature 100 ml of purified n-decane was added 
over about 1 hour with stirring to precipitate particles 

10 composed of the methylaluminoxane and bis (cyclopentadienyl) - 
zirconium chloride. Then, while the inside of the reactor 
was reduced in pressure to 4 torr by using a vacum pump, 
the temperature of the inside of the reactor was increas- 
ed to 35 over about 3 hours to evaporate and remove 

X5 toluene from the reactor and precipitate particles com- 
posed of methylaluminoxane and bis ( cyclopentadienyl )- 
zirconiuxim chloride. The reaction suspension was trans- 
ferred to a filter and the liquid portion was removed* 
The solid portion was recovered. The Zr and Al contents 

20 and the average particle diameter of the resulting solid 
catalyst are shown in Table 1. 

Preliminary polymerization and vapor-phase 
polymerization of ethylene were carried out in the same 
way as in Example 1. The results are shown in Table 1. 

25 COMPARATIVE EXAMPLE 1 

In Example 2, a :50lid catalyst was prepared by 
evaporating toluene without using n-decane, i.e. a solvent 
in which methylaluminoxane is sparingly soluble, and by 
using the solid catalyst, the same preliminary polymeri- 

30 zation and the vapor-phase polymerization of ethylene as 
in Example 2 were carried out. Specifically, a 300 ml 
pressure-reducible reactor equipped with a stirrer was 
charged with 67 ml of a toluene solution containing the 
methylaluminoxane in an amount corresponding to 100 

35 millimoles of Al atoms, 5 ml of a toluene solution con- 
taining 0.2 millimole of bis (cyclopentadienyl)- 



002953-12 

- 30 - 

zirconium dichloride and 2 g of the same silica as used 
in Example 2. Then, while the inside of the reactor was 
reduced to 4 torr with stirring, the temperature of the 
inside of the reactor was increased to 35 over about 3 
hours to evaporate toluene completely from the reactor 
and obtain solid particles composed of methylaluminoxane, 
bis (cyclopentadienyl) zirconium chloride and silica parti- 
cles. Using the solid particles, preliminary polymeri- 
zation and vapor-phase polymerization of ethylene were 
carried out by the same operations as in Example 1. The 
results are shown in Table 1. 

EXAMPLE 3 . 
A solid catalyst was prepared in the same way 
as in Example 1 except that 1,2-dichloroethane was used 
instead of toluene as the solvent used to dissolve bis- 
( cyclopentadienyl) zirconium chloride. Using the solid 
catalyst, preliminary polymerization and vapor-phase 
polymerization of ethylene were carried out as in Example 
1. The results are shown in Table 1. 

EXAMPLE 4 

A solid catalyst was prepared in the same way 
as in Example 1 except that ethylbenzene was used instead 
of toluene as the solvent used to dissolve methylalumin- 
oxane. Using the solid catalyst, preliminary polymeri- 
zation and vapor-phase polymerization of ethylene were 
carried out as in Example 1. The results are shown in 
Table 1. 



- 31 - 



G0295312 



4J 










C >l ^ 










0) -P m 




in 


rH in 


in 


^ *H g 






CO ^ 




cd ^ cn o 


• 


• 


• • 


• 


04^ c \ 


0 


0 


0 0 


0 












< Xi •O 




















1 






















0 


0 


0 0 


0 


0 C -H 6 


0 


0 


0 0 


0 


e 0 >\ 




CO 




CM VD 


rH 








•» 


*• 


«-( 4-1 4J 




in 


Csl VD 




0 <o 0 1 




rH 


•H 


r-H 


Oi M 05 tn 




















4J <D M 






1 


























0 


^ 0 0 


0 


CO 4J g 3 
4J M <d 






(d 4J -w ^ 












<o Id -H 






IH -<H 0 










•Q *d *Q 




c ^ 






in 


VO CO 


CO 


0 n 




• 


• 




• 








CM 


^ CM 


CM 


4J 4J 0 -r^ 












03 -r-l 0 M 












>i cn iH 












rH 0 CO 












cd O4 wi 0 












4J g 0) 






GO 




(d 0 Qi^ 












00^0 




























> 




• 


fH 


<N 


•H r-l CO 




0 








0) 








Id 0) 0 




.-1 




H f-H iH 


fH 


c 






Cd Qj O4 










CuB B 








CO 


cd 


g td Cd 


Id 






X 


ox X 


X 






pa 


0 w w 





00295512 



- 32 - 
EXAMPLE 5 

Ethylene and 1-hexene were copolymerized in the 
vapor phase. Specifically, ethylene and 1-hexene were 
copolymerized in the same way as in Example 1 except that 
using the solid catalyst subjected to the preliminary 
polymerization described in Example 1, 10 ml of hexene 
was added after the addition of the catalyst components, 
and the polymerization time was shortened to 20 minutes 
from 1 hour. The results are shown in Table 2. 

EXAMPLE 6 

Slurry polymerization was carried out using the 
solid catalyst of Example 1- Specifically, 450 g of 
liquefied isobutane was introduced into a 2-liter auto- 
clave purged fully with ethylene, and the temperature was 
raised to 60 °C. The solid catalyst component subjected 
to the preliminary polymerization described in Example 1 
was added in an amount of 0.008 millimole calculated as 
zirconium atoms. Then, 80 ml of 4-methylpentene-l and 50 
Nml of hydrogen were added. Ethylene was then introduced, 
and the pressure of the inside of the autoclave was 
maintained at 3.5 kg/cm^-G for 1 hour. During this time, 
the temperature was controlled to 70 °C. After the lapse 
of 1 hour, about 2 ml of methanol was added to the autoclave 
to stop the polymerization completely, and the pressure 
was released. The resulting polymer was recovered, and 
dried overnight at 80 °C under reduced pressure. The 
results are shown in Table 2. 

EXAMPLE 7 
Pre paration of a so lid catalyst 
A 300 ml. pressure-reducible reactor equipped 
with a stirrer was charged with 100 ml of purified n- 
decane and 2 g of silica (#952, a product of Davison Co.) 
obtained by calcination at 500 °C for 12 hours, and while 
the resulting suspension was stirred at room temperature, 
69 ml of a toluene solution containing the methylalumin- 
oxane in an amount corresponding to 100 miillimoles of Al 
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atoms was added to the stirred suspension over the course 

of about 0.5 hour. The inside of the reactor was then 

reduced in pressure to 4 torr by means of a vacuum pump. 

By raising the temperarure of the inside of the reactor 

oC over about 3 hours , toluene was removed from the 

to 

reactor. Then, 5 ml of a toluene solution of 0.2 milli- 
mole of bis(cyclopentadienyl),zirconium dichloride was 
added to the suspension. After mixing at room tempera- 
ture for about 1 hour, the liquid phase was removed by 
using a filter and a solid catalyst for olefin polymeri- 
zation was prepared. The results are shown in Table 2. 

EXAMPLE 8 

A solid catalyst was prepared, and preliminary 
polymerization and vapor phase polymerization of ethylene 
were carried out, in the same way as in Example 1 except 
that in the preparation of the solid catalyst in Example 
1, the amount of bis( cyclopentadienyl) zirconium chloride 
used was changed to 0.33 millimole from 0.2 millimole. 
The results are shown in Table 2. 

EX2^LE 9 

Ethylene was polymerized in the vapor pha:se in 
the same way as in Example 8 except that in the vapor- 
phase polymerizartion of ethylene in Example 8, 1.3 
millimoles of triisobutyl aluminum was added immediately 
before the addition of the solid catalyst component 
subjected to preliliminary polymerization to the auto- 
clave. The results are shown in Table 2. 
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EXAMPLE 10 

In the method of Example 1, a solid catalyst 
was prepared in the same way except that 2 g of poly- 
ethylene powder (MIPELON ®, a tradename of a product of 
Mitsui Petrochemical Industries, Ltd.) having an average 
particle diameter of 35 micrometers was used instead of 2 
g of silica in the preparation of the solid catalyst. 

The resulting solid catalyst had a Zr content 
of 9 millimoles per 100 g of polyethylene used as the 
carrier and an Al content of 2.0 moles per 100 g of 
polyethylene used as the carrier. The average particle 
diameter of the solid catalyst, determined by microscopic 
observation, was about 40 micrometers. 

Preliminary polymerization and polymerization 
were carried out under the same conditions as in the 
method of Example 1. 

There was obtained 128.2 g of a polymer. It 
had an MFR of 1.6 dg/min. and an apparent bulk density of 
0.46 g/ml. The amount of a fine powdery polymer having a 
size of less than 105 micrometers was 0.1 % by weight 
based on the entire polymerization product. On the other 
hand, no coarse polymer particles having a particle size 
of more than 1120 micrometers were observed. The polymer 
had an Mw/Mn of 2.6. 

EXAMPLE 11 

In the method of Example 2, 2 g of polyethylene 
powder (MIPELON ®, a tradename for a product of Mitsui 
Petrochemical Industries, Ltd.) having an average particle 
diameter of about 35 micrometers was used instead of 2 g 
of silica at the time of preparing the solid catalyt 
component. The Zr and Al contents and average particle ^ 
diameter of the resulting solid catalyst are shown in 
Table 3 . 

Preliminary polymerization and vapor-phase 
polymerization of ethylene were carried out by the same 
methods as in Example 10, and the results are shown in 
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Table 2. 

COMPARATIVE EXAMPLE 2 
In Comparative Example 1, 2 g of the same 
polyethylene powder as used in Example 11 was used instead 
of 2 g of silica, and otherwise, by the same mehod as in 
Comparative Example 1, solid particles composed of methyl- 
alu^inoxane, bis(cyclopentadienyl) zirconium chloride and 
polyethylene particles were obtained. By the same opera- 
tions as in Example 10, preliminary polymerization and 
vapor-phase polymerization of ethylene were carried out. 
The results are shown in Table 3. 

EXAMPLE 12 

A solid catalyst was prepared in the same way 
as in Example 10 except that 1,2-dichloroethane was used 
instead of toluene as the catalyst used to dissolve 
bis(cyclopentadienyl) zirconium chloride. Preliminary 
polymerization and vapor-phase polymerization of ethylene 
were carried out in the same way as in Example 10. The 

results are shown in Table 3. 

EXAMPLE 13 

A solid catalyst was prepared in the same way 
as in Example 10 except that ethylbenzene was used instead 
of toluene as the catalyst used to dissolve bis(cyclopenta- 
dienyl) zirconium chloride. Preliminary polymerization 
and vapor-phase polymerization of ethylene were carried 
out in. the same way as in Example 10. The results are 
shown in Table 3. 
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EXAMPLE 14 

Ethylene and 1-hexene were copolymerized in the 
vapor phase. Specifically, using the solid catalyst 
subjected to the prelimianry polymerization described in 
Example 10, ethylene and 1-hexene were copolymerized in 
the same way as in Example 10 except that 10 ml of hexene 
was added after adding the catalyst components, and the 
polymerization time was shortened to 20 minutes from 1 
hour. The results are shown in Table 4. 

EXAMPLE 15 

Slurry polymerization was carried out using the 
solid catalyst of Example 10. Specifically, 450 g of 
liquefied isobutane was introduced into a 2-liter auto- 
clave purged fully with ethylene, and the temperature was 
raised to 60 °C. The solid catalyst component subjected 
to the preliminary polymerization described in Example 10 
was added in an amount of 0.008 millimole calculated as 
zirconium atoms. Then, 80 ml of 4-methylpentene-l and 50 
Nml of hydrogen were added. Ethylene was then introduced, 
and the pressure of the inside of the autoclave was 
maintained at 3.5 kg/cm^-G for 1 hour. During this time, 
the temperature was controlled to 70 °C. After the lapse 
of 1 hour, about 2 ml of methanol was added to the auto- 
clave to stop the polymerization completely, and the 
pressure was released. The resulting polymer was re- 
covered, and dried overnight at 80 °C under reduced 
pressure. The results are shown in Table 4. 

EXAMPLE 16 

A solid catalyst was prepared in the same way 
as in Example 10 except that 2 g of spherical polystyrene 
■powder (#200 - #400, a product of Eastman Kodak Co.) 
having a particle diameter of about 30 micrometers was 
used instead of polyethylene used as the carrier. Pre- 
liminary polymerization and then vapor-phase polymeri- 
zation of ethylene were carried out in the same way as in 
Example 10. The results are shown in Table 4. 
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EXAMPLE 17 
Preparation of a solid catalyst 
A 300 ml pressure-reducible reactor equipped 
with a stirrer was charged with 100 ml of purified n- 
decane and 2 g of polyethylene powder (MIPELON a 
tradename for a product of Mitsui Petrochemical Indust- 
ries, Ltd.) having an average particle diameter of 35 
micrometers, and while the suspension was stirred at room 
temperature, 67 ml of a toluene solution containing the 
methylaluminoxane in an amount corresponding to 100 
millimoles of Al atoms was added to the suspension over 
about 0.5 hour. Then, while the inside of the reactoi- 
was reduced in pressure to 4 torr by means of a vacuum 
pump, the temperature of the reactor was raised to 35 C 
over about 3 hours to remove toluene from the reactor. 
Then, 5 ml of a toluene solution containing 0.2 milli- 
moles of bis(cyclopentadienyl) zirconium dichloride was 
added to the suspension. After mixing at room tempera- 
ture for about 1 hour, the liquid phase was removed by 
using a filter, and a solid catalyst for olefin poly- 
merization was prepared. The results are shown in Table 4. 

EXAMPLE 18 

A solid catalyst was prepared in the same way 
as in Example 10 except that the amount of bis(cyclopenta- 
dienyl) zirconium dichloride was changed to 0.33 millimole 
from 0.2 millimole in the preparation of the solid catalyst 
of Example 10. Preliminary polymerization and vapor- 
phase polymerization of ethylene were carried out. The 
results are shown in Table 4. 

EXAMPLE 19 

Ethylene was polymerized in the vapor phase in 
the same way as in Example 18 except that 1.3 millimoles 
of triisobutyl aluminum was added immediately before the 
addition of the solid catalyst component subjected to 
preliminary polymerization to the autoclave. The results 
are shown in Table 4. 
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POSSIBILITY OF INDUSTRIAL UTILIZATION AND EFFECT 
This invention is a solid catalyst for olefin 
polymerization having very high polymerization activity 
in the homopolymerization and copolymerization of olefins. 
This catalyst gives a polymer and a copolymer which have 
a high bulk density, a uniform particle size, a low 
content of fine powder and a narrow molecular weight 
distribution, and in the case of the copolymer, a narrow 
composition distribution. 
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SCOPE OF CLAIM FOR PATENT 
1. A solid catalyst for olefin polymerization, 

characterized in that 

(A) it comprises 

(A ) a compound of a transition metal 
of Group IVB of the periodic table as 
a catalyst component, 
(A,) an aluminoxane as a catalyst 
component t and 

{A3) a particulate organic or in- 
organic compound carrier, 

(B) it contains 0.5 to 500 milligram-atoms of 
the transition metal atom and 5 to 50,000 milligram-atoms 
of aluminum atoms per 100 g of the particulate carrier 

(C) the atomic ratio of aluminum atoms (Al) to 
the transition metal atoms (M) , Al/M, is in the range of 

from 1 to 1,000, and 

(D) it has an average particle diameter of 5 to 

200 micrometers. 

2 The catalyst set forth in claim 1 in which the 
transition metal of Group IVB of the periodic table is 
selected from the group consisting of zirconium, titanxum 

and hafnium. 

3 The catalyst set forth in claim 1 in which the 
compound of a transition metal of Group IVB of the periodic 
table is a compound of the following formula (I) 

^V^^Vn^- 

in which represents a cyaloalkadienyl group, 
r2, r3 and R^, independently from each other, 
represent a cycloalkadienyl group, an aryl 
group, an alkyl group, a cycloalkyl group, an 
Llkyl group, a halogen atom, a hydrogen atom. 



^, SR^, NR-*" or PR2^ where R^, R , r"" and R , 



0029531? 

independently from each other! 'represent a hydrocarbon 
group such as an alkyl, cycloalkyl, aryl or aralkyl 
group, or a silyl group, and two and may be Ixnlced 
to form a ring, k is 1, 2, 3 or 4, M and n are 0, 1, 2 
or 3, k+^+m+n=4, and when is a cycloalkadienyl group, 
r1 and r2 may be bonded through a lower alkylene group. 
4 The catalyst set forth in claim 1 in whxch the 

aluminoxane is selected from compounds represented by the 
following formula (II) 



(II) 

^--nr^— 2 

R 



RjAl-tO-Al-hjjpO-AlRj 



wherein R is a hydrocarbon group and m is a 
number of at least 2, and 
compounds represented by the following formula (III) 



Al* 



m+2 



... (Ill) 



wherein R and m are as defined above. 

5 The catalyst set forth in claim 1 in which the 
atomic ratio of the transition metal atom to the aluminum 

atom is from 0.05 to 0.002. ^. u u =n 

6 The catalyst set forth in claim 1 whxch has an 
average particle diameter in the range of 10 to 10 0 
micrometers. 

7 A process for forming a solid catalyst for 
olefin polymerization from an aluminoxane, a compound of 
a transition metal of Group IVB of the periodxc table and 
a particulate organic or inorganic compound carrxer, 
which comprises at least a step of contacting a solutxon 
of the aluminoxane in the presence of the particulate^ 
organic or inorganic compound carrier with a solvent xn 
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which the aluminoxane is insoluble or sparingly soluble 
to deposit the aluminoxane on the particulate carrier. 
8. A process for producing the solid catalyst for 

olefin polymerization set forth in claim 1, which com- 
prises 

(1) contacting a suspension of the particulate 
organic or inorganic compourid carrier dispersed in a 
solution of the aluminoxane with a solvent in which the 
aluminoxane is insoluble or sparingly soluble, to form an 
aluminoxane-suported particulate organic or inorganic 

compound carrier, and 

(2) contacting the aluminoxane-supported parti- 
culate organic or inorganic compound carrier with a 
solution of the compound of a transition metal of Group 
IVB of the periodic table. 

9. A process for producing the solid catalyst for 
olefin polymerization set forth in claim 1, which com- 
prises 

(1) dispersing the particulate organic or 
inorganic compound carrier in a solution of the alumin- 
oxane and the Group IVB transition metal compound to 
prepare a suspension, and 

(2) contacting the suspension with a solvent in 
which the aluminoxane is insoluble or sparingly soluble. 

10. A process for producing a solid catalyst for 
olefin polymerization set forth in claim 1, which com- 
prises 

(1) contacting a suspension of the particulate 
organic or inorganic compound carrier dispersed in a 
solvent in which the aluminoxane is insoluble or sparing- 
ly soluble with a solution of the aluminoxane to form an 
aluminoxane-supported particulate carrier, and 

(2) contacting the aluminoxane-supported parti- 
culate carrier with a solution of the Group IVB transi- 
tion metal compound. 

11. A process for producing a. solid catalyst for 
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olefin polymerization set forth in claim 1, which com- 
prises 

(1) preparing a suspension of the particulate 
organic or inorganic compound carrier in a solvent in 
which the aluminoxane is insoluble or sparingly soluble 
and a solution of the aliiminoxane and the Group IVB 
transition metal compound , and 

(2) contacting the suspension and the solution. 
12. The catalyst set forth in claim 1 produced by 
the process set forth in claim ?• 
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